A large-scale Medieval harbor site has been recently discovered at Nakazu-Higashihara in Masuda City, Chugoku region, Japan. The Medieval harbor site is divided into north and south areas. The concentration of 22 elements in soil samples from the north of the harbor site was determined in order to identify the geochemical signatures of the Medieval harbor site. The evidence described in the north area is an example of identification of both natural and anthropogenic processes that lead to geochemical variations within the archaeological soils. The north area of the site contains silt and sandy soils characterized by highest concentration of Zr and relatively low levels of most other elements (except for Sr and TS). Negative or weak positive correlations between TiO 2 and MnO, and CaO and P 2 O 5 in the north area indicate that this association of elements represents an ancient anthropogenic signature, especially related to residential sites in all soil types. Correlation between TiO 2 and Ni, Y, Nb, Zr, Th, and Fe 2 O 3 did not reflect the anthropogenic history. However, these elements and their ratios can be used to identify sources, as well as to establish baseline concentration of other elements which are influenced by anthropogenic and detrital inputs.
INTRODUCTION
Geochemical analysis of soils is now a significant additional tool that can be useful for archaeological exploration and site survey, as well as for reconstruction of land use histories [1, 2, 3, 4] . Previous studies of soils and sediments altered by humans have shown that specific activities leave characteristic chemical signatures on prepared earthen surfaces [1, 2, 5, 6, 7] . Examples of elements associated with human activities include calcium and strontium with areas of organic waste disposal [2] , mercury and lead associated with craft production [3] , and phosphorus together with high concentration of magnesium and zinc as evidence of faecal material and wood ash residues [1] . However, geochemical variations of archaeological soils cannot be fully related to ancient human activity [4] . Local geology, geomorphic setting, and soil formation processes also contribute to these variations: for example, parent material and grain size fractionation during transport and deposition may also strongly influence the bulk geochemical composition of archaeological soils [8, 4] . The complexity of both human and natural processes may not be identified by signatures from single chemical elements alone. However, combination of many different elements, as can be produced by multielement soil analysis, can provide additional information on the chemical signatures.
The western coast of southwest Japan lies close to the Southeast Asian continent, and thus has been an important place for exchange of culture, people and trade.
Recently excavated medieval harbor known as the Nakazu sites in Masuda City, Shimane Prefecture, Chugoku region, Southwest Japan is one site of such exchanges. The Nakazu Higashihara harbor site was well located for ships sailing along the marine coast, especially for conducting trade with mainland China and the Korean Peninsula. Present archaeological investigations have identified over 800 construction pits, blacksmith hearths and harbor structures, along with ceramic fragments originating both from within Japan and from Asia (China, Korea, Vietnam and Thailand) [9] . Investigations of these ceramics have established that the Masuda Clan (a local "Samurai" dynasty) operated a prosperous maritime trade network from this harbor site in East Asia, which brought significant wealth to the area [10] . The Masuda Clan originated from the Fujiwara Clan in the late Heian Period (late 12 th century), and took the name of the locality. Twenty descendants were recorded in the genealogy line [9] . The long history of the clan thus suggests that the harbor site could have received a considerable volume of ancient anthropogenic matter. The Masuda Clan was the frontier of a sophisticated culture, which formed the foundation of the development of the western Chugoku region. The clan constructed the Miyake Odoi (a fort), residences, and Nanao castle, showing the expansion of their power in the region [9] .
Study area
The Nakazu Higashihara and Nakazu Nishihara sites are parts of a larger single archaeological site, which was established in the 12th century, operating as a trading hub for the Masuda clan. The sites were constructed at the estuary of the Takatsu and Masuda rivers in western Shimane Prefecture (the western part of Iwami-nokuni in ancient terminology), facing the Sea of Japan ( Fig. 1) . At present, the sites are situated in the northern part of the river mouth delta (Fig. 1) , and sand dunes have developed along their northern side. It is well known that the mechanism of Japanese coastal plain formation was strongly related to sea level changes following the last glaciation [11] . At the early Holocene stage (about 10 kyrs BP, called Jomon Period), sea level had gradually risen due to warming climate after the last glaciation [11, 12, 13] . The site was thus under shallow marine conditions, as shown by geologic examination [14, 15] and the remains of fishery [14] . A sand bar built from sands transported by the Takastu and Masuda rivers formed along the sides facing the ocean [15] . The present coastal plain formed after minor regression between the years 3500 and 4660 yr BP (in the Yayoi Period) related to a cooling mode, and rice agriculture was introduced, as indicated by pollen analysis [16] and archaeological examinations [9] . The Masuda plain has been used for cultivation from this period onward. The sand bar built from clastic material transported by the rivers and the dunes built back on the inner side of the coast dominated in the late Yayoi Period. The estuary of the Masuda rivers is thought to have been semi-closed due to the development of bars, resulting in the formation of a shallow lagoon which was partly connected to the sea [15] . The site was thus well located for ships sailing along the coast, especially for conducting trade with mainland China and the Korean peninsula [17, 9] . However, in the 16th century the harbor function shifted upriver to Imaichi, due to marine regression and sedimentation [15] . The Nakazu Higashihara site is located east to the Nakazu Nishihara site (Fig. 1) , and contains many remains of building pillars and ceramics, blacksmith furnaces, fire pits, charcoals and graves. The imported ceramics include Celadon, white porcelain, and blue and white wares originating from China, Thai, Vietnam and the Korea Peninsula. These imported ceramics are useful for identifying the age of places in the site, which range from the late 12 th century to early 17 th century. Among them, ceramics pertaining to the late 14 th to early 17 th century are dominant, from among which a number of imported ceramics were found. The maximum number (662) recovered so far appertain to the late 15 th to early-middle 16 th centuries. This is suggestive of growing trade through to the 17 th century. After that, the style of ceramic fragments changed to the Higo ceramics of Kyushu, the western neighbor of Chugoku region, indicating development of production of chinaware in Japan. It is said that manufacturing technology was also introduced at this time, and was further developed in northern Kyushu [9] .
The most important finding to note in the southern part (south area) of the Medieval harbor site is a 40 m-long boulder pavement of the port, built on fine sediments (mainly clay) ( Fig. 1 ) [18] . The pavement consists of rounded cobbles and boulders. Its position along the shoreline fronting the lagoon suggests the pavement may have been a boat landing and/ or a dock for boat repair [9] . Recent excavation in the northern part (north area) of the site has mainly revealed remains of building pillars and pottery fragments. This particular area is embedded in silt and sandy soils, and was bordered by sand dunes on its seaward side. The Masuda clan shifted to the Susa area in the east of the middle Iwami district after 1600, and thus their record disappeared in Masuda City [9] . 
MATERIALS AND METHODS

Sample collection
Soil samples collected from the surface of archaeological horizon (archaeological floor samples) are indicated as prehistoric occupation in Medieval period. The exposed surface (about 2~3 mm thickness) of the archaeological horizon was first peeled off to avoid contamination by foot traffic and metal tools used during the archaeological survey. Samples about 3~5 mm in thickness were then taken from the archaeological horizon. Samples collected from the horizons which were deposited after prehistoric occupation floor are referred to as topsoil samples (non-archaeological samples). Topsoil samples were examined in order to identify the geochemical signals between modern and archaeological soils.
It is expected that these two deposits should differ geochemically, as a result of natural processes and anthropogenic activities at different periods.
In July 2012, 26 soil samples were collected from the north area of the harbor site which is embedded in silt and sandy soils ( Fig  2) . Eighteen archaeological floor samples were taken from a horizontal transect across the surface of archaeological horizon, while eight topsoil samples were collected from the nonarchaeological horizon (A point).
The soil samples weighing about 200 g each were packed in zip-lock bags and stored in a cooler box at 4°C for transportation. After removal of gravels, roots, and other plant material, approximately 50 g of each sample was dried in an oven at 160°C for 48 hrs to remove weakly-bound volatiles. The dried samples were then ground for 20 min in an automatic agate pestle and mortar grinder.
The XRF analyssis was made on pressed powder briquettes (about 5 g sample compressed by a force of 200 kN for 60s), following the method of Ogasawara [19] . Average errors for all elements are less than ±10% relative. Analytical results for GSJ standard JSl-1 were acceptable compared to the proposed values of Imai et al. [20] . 
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RESULTS AND DISCUSSION
Geochemical characteristics of archaeological and non-archaeological soils
Average geochemical compositions and ranges of topsoil and archaeological floor samples from north area of the harbor site are given in Table 1 . Average data for four modern stream sediments from the Takatsu River [21] are also included as a measure of the general background concentrations that can be expected for each element. Geochemical variations between topsoil and archaeological floor samples are greatest in the southern area [18] , and less in the northern area of the harbor site (Figs. 3, 5 and 6). However, significant compositional differences are seen between data for archaeological floor samples from the north and south areas of the harbor site. Archaeological floor samples from the north are characterized by highest concentrations of Zr ranging from 143-201 ppm with an average value of 181, and relatively low levels of most other elements, except for Sr and TS. In contrast, anthropogenically significant elements such as As, Pb, Zn, Cu, Ni, Sc, F, CaO, MnO, Fe 2 O 3 and P 2 O 5 are much more abundant in the south area, which is recognized as a production district of the harbor site [18] . Considering the entire dataset, abundance of several elements such as Cr, V, Y, Nb, Th and TiO 2 , including halogens (except for F) do not differ greatly between the two areas. 
Inter-element relationships in archaeological soils
Principal component analysis (PCA) using MINITAB 14 software was used for the classification of archaeological floor samples newly collected from the north and previously published data [18] of south areas of the harbor site. The first two principal components account for 63.1 percent of the total data variance from the correlation matrix. The score plot (Fig. 3a) is used for the classification of archaeological floor samples, and a loading plot (Fig. 3b ) is used to identify the variability of multi-elements and to define their possible sources. Sample scores on the first two components show that archaeological floor samples are divided into two main groups according to their location (Fig. 3a) . These compositional differences could be associated with the individual prehistoric human activities carried out in each area. Or soil textures and parent material variations may have played a role in the differing geochemical compositions see in the two areas which are embedded in different soil types. Multi-elements scatter within three sectors of the loading plot, and several elemental groups are identified (Fig. 3b ). Elements in these groups have similar geochemical behavior that suggests derivation from specific sources. Chromium, V, Nb, Th and Ti are grouped together, and are characterized by high positive PC1 loadings. These elements are generally regarded as conservative lithogenic elements, and hence, these associations are mainly related to natural sources. Strontium, I, TS and Zr form another separate group with high positive PC1 and PC2 loadings. Zirconium s mainly occurs in sand to silt fractions, due to the enrichment of heavy minerals (notably zircon) that are concentrated by mechanical sorting [22] . This group of elements, to all likelihood, isassociated with the texture of the soils, and hence, is mainly of natural origin. Fluoride, CaO and P 2 O 5 showed negative loadings for both PC1 and PC2 (Fig.  3b ). Calcium and P (including fluorine ions) are well known as major components of tooth and bone minerals. Furthermore, P is generally regarded as an anthropogenic element in both ancient and modern activity areas, because of the addition of plant and animal residues, bone, urine, firing and cooking processes [23, 24] . The close relationships between F, CaO and P 2 O 5 thus reflect a similarity in source, associated with deposition of occupation wastes. Many other elements As, Pb, Zn, Cu, Ni, Sc, Y, Br, MnO and Fe 2 O 3 scatter on the loading plot, with positive PC1 and negative PC2 loadings (Fig. 3b ). These elements (except for Y and Br) generally show highest concentrations in archaeological floor samples from the south area (Fig. 6 ). These enrichments seem to be related to ancient anthropogenic practices at the harbor site. 
Anthropogenic and detrital influences on archaeological soils
Average abundance of most analyzed elements are lowest in the north area, relative to the south ( Fig. 5 and 6 ). This suggests that the north area was less affected by prehistoric human activities. Alternatively, soil textures and parent material may have played a role in the differing elemental concentrations seen in two areas, as they contain different soil types. Therefore, comparison with values for sediments carried by the present-day Takatsu River [21] was made, based on immobile trace element ratios. The Takatsu River data could be representing the background concentration of elements given its significance in local soil-forming processes at the harbor site. Consequently, elemental ratios (TiO 2element) were used here to evaluate potential anthropogenic and natural influences on the archaeological soils.
Geochemical studies have often used Al 2 O 3 , Fe 2 O 3 * and TiO 2 contents as proxies to define sediment sources and to evaluate grain size effects [25, 26, 27] . Titanium is generally regarded as a conservative lithogenic element that is abundant in clays. Elements that show strong correlation with TiO 2 should therefore only reflect inputs of natural detrital. If no such correlations exist, additional natural or anthropogenic processes may have contributed to element loadings.
Considering the data of the north and previously published data [18] of south areas, no geochemical differences were found between TiO 2 and V, Cr, Th and Nb (Fig. 5 ). These elements are good indicators of provenance, as their mobility in surface (Figs. 5a-d ). This means that during the relatively short time frame of the Medieval Nakazu Higashihara harbor site, little change in source composition occurred during the period of deposition. This interpretation is reinforced by an immobile element Th/Sc-Zr/ Sc ratio plot (Fig. 4 ). Both the north and south areas show high Th/Sc and Zr/Sc ratios, clearly indicating that they were derived from the same felsic parent material (provenance), and that no change in source occurred. Somewhat higher ratios occur in samples from the north area, suggesting enrichment of zircon. Samples from the north area, which is embedded in silt and sandy soils, contained high concentration of Zr (Fig. 5e) and relatively low abundance of most other elements analyzed (except Sr and TS) ( Fig. 5  and 6 ). This geochemical variation between the two areas may be associated with the proportion of silt and clay, as clay particles have a high capacity for adsorbing or retaining trace metals. On the other hand, lower concentration of elements in the north may simply be because that area was not affected by manufacturing activities. This geochemical evidence coincides well with archaeological information, such as the numerous post holes of building pillars and ceramic fragments found in the north area. This may indicate that the north was mainly a 'residential area' (living area) of the site. Traditionally, human settlements have developed in mixed-use patterns. These features and results suggest that land use management in Medieval Japan was developed and had already introduced separation of different functions such as manufacturing and residential areas. However, combination of functions at the south area is much more likely to have been a matter of convenience, with manufacturing near the port requiring less transport [18] .
Ni and Fe 2 O 3 are strongly correlated with TiO 2 in both areas (Figs. 5g and h), indicating they are concentrated in clay minerals and fine-grained heavy minerals, and hence are mainly of natural origin [26] .
From a geochemical viewpoint, the residential area (north area) was less affected by ancient anthropogenic activities compared with the production area in the south. However, negative or weak positive correlations exist between TiO 2 and MnO, CaO and P 2 O 5 in the residential area, possibly due to deposition of habitation wastes (Figs.  6f, g and h) . Furthermore, these elements can be recognized as archaeological elements in all soil types, whether the site lithology is silt or clay. As noted above, TS and Sr behave similarly to Zr (PCA analysis; Fig. 3b ). These two elements are moderately correlated with TiO 2 in cross plots (Figs. 6e and 5f) , indicating that they tend to reside in the silt fractions.
Zirconium is a conservative lithogenic element that is mainly contained in the resistant primary mineral zircon [26, 27, 28] . Heavy mineral enrichment is often associated with particle sorting effects due to wave action [22] . Higher concentration of Zr in the north area indicate coarser texture at that site relative to the south. However, these compositional differences are caused by Zr enrichment without significant contrast in TiO 2 concentrations (Fig. 5e ). The ratio between Ti and Zr is known to be a variable related to sorting and heavy mineral concentrations, as Ti is concentrated in finer minerals such as rutile and titanite, while Zr is relatively enriched in coarser flux such as zircon [27, 28, 29] . Strong positive correlations exist in the cross plot between Zr and TiO 2 in both the north and south areas of the site. It seems both areas have been equally affected by sorting, as their range in TiO 2 is similar. However, the higher trend in the north suggests that concentration of heavy minerals had occurred at that site, having a larger effect on Zr content than TiO 2 . Based on Dellwig et al. [22] , our study suggests that heavy minerals may have washed out from the coastal sand dunes on the Japan Sea side by storm events during winter, and were then deposited in the northern part of the harbor site, which lay in a high energy environment. Therefore, the texture of the soils and their mineralogical compositions played important roles in the differing elemental concentration seen in the two areas of this Medieval harbor site, as did the variation of human activities. Further studies should focus on the relationship between mineralogical composition and multielement concentration of archaeological soils.
CONCLUSIONS
Principle Component Analysis (PCA) successfully classified the archaeological floor samples in north and south areas of the harbor site, based on their geochemical variations. These compositional differences between the areas could be associated with their individual Medieval anthropogenic activities and sedimentary processes (sorting and heavy mineral concentration). Furthermore, element-TiO 2 ratios are useful for the evaluation of both natural and anthropogenic processes in archaeological soils, and for the identification of elemental sources or differentiation of anomalous sample populations which may have been produced by ancient human activity. Elements of anthropogenic origin tend to scatter above the basal detrital trends on the cross plots, and are enriched relative to background concentrations. Specially, samples from south area show significant elemental enrichments, particularly for As, Pb, Zn, Cu, TS, MnO, CaO and P 2 O 5 [18] . In contrast, samples from the north area of the harbor site are characterized by high concentration of Zr, probably related to the silty nature of the soil there. However, negative or weak positive correlation also exists between TiO 2 and MnO, and CaO and P 2 O 5 in both the areas, suggestive of deposition of habitation wastes. Those elements can be recognized as archaeological elements in all soil types, whether the site lithology is silt or clay. Another group of elements (Ni, Y, Nb, Zr, Th, TiO 2 and Fe 2 O 3 ) and their ratios can be used to identify sources (provenance), as well as to establish baseline concentrations of other elements which are influenced by anthropogenic and detrital inputs. Based on archaeological features, this study describes the multi-element concentration in archaeological soils from two areas at this harbor site with
